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(57)[SUMMARY] 



[SUBJECT] 

Without causing performance degradation, it is 
reasonable and a liglit-transmitting relay is 
performed. 

[SOLUTION] 

The light-transmitting relay system of this 
invention consists of the first repeater 1 which 
transforms an analog signal into a digital light 
signal, the 2nd repeater 2 which returns the 
digital light signal by which the above- 
mentioned conversion was performed to an 
analog signal, and the optical fiber 3 which 
connects these, basically. 
The first repeater 1 provides the antenna 11 
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which receives an analog signal, A / D converter 
14 which transforms the analog signal which 
performed above-mentioned receiving into a 
digital signal, and electric - light converter 18 
which the digital signal which performed the 
above-mentioned conversion is transformed 
into a digital light signal, and is output to an 
optical fiber 3. 

The second repeater 2 provides the 
photoelectric mind converter 21 which 
transforms a digital light signal into a digital 
signal. D / A converter 25 which transforms the 
digital signal which performed the above- 
mentioned conversion into an analog signal, 
and the antenna 28 which outputs the analog 
signal which performed the above-mentioned 
conversion. 
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[CLAIM 1] 

A light-transmitting repeater, in which the first 
antenna which receives an analog signal. A / D 
converter which transforms the analog signal 
received with the first antenna into a digital 
signal. 

Down sampling means which performs down 
sampling of the digital signal transformed by 
above-mentioned A / D converter. 
Electric-light converter which the digital signal 
by which down sampling was performed with 
above-mentioned down sampling means is 
transformed into a digital light signal, and is 
output to a predetermined optical fiber. 
These were provided. 



[CLAIM 2] 

A light-transmitting repeater described in Claim 
1, in which the frequency band of the digital 
signal transformed by above-mentioned A / D 
converter is limited. 

Frequency band-limiting means to output to 
above-mentioned down sampling means was 
provided further. 



— xn'^ 7 ^ /u^ xh -5 r ,i: =Sr# 



[CLAIM 3] 

A light-transmitting repeater described in Claim 
2, in which above-mentioned frequency band- 
limiting means is a low-pass filter. 



#m i -t S if 2 lc|E«o^ 



[CLAIM 4] 

A light-transmitting repeater described in Claim 
2, in which above-mentioned frequency band- 
limiting means Is a band-pass filter. 
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[CLAIM 5] 
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A light-transmitting repeater mentioned in any 
one of Claim 1 - 4, in which RF analog signal 
received with the first antenna is transformed 
into IF analog signal. 

The first frequency-conversion circuit output 
to above-mentioned A / D converter was 
provided further. 



[CLAIM 6] 

A light-transmitting repeater, in which the 
photoelectric mind converter which transforms a 
digital light signal into a digital signal. 
Up sampling means which performs up 
sampling of the digital signal transformed by the 
above-mentioned photoelectric mind converter. 
D / A converter which transforms the digital 
signal by which up sampling was performed 
with above-mentioned up sampling nneans into 
an analog signal. The 2nd antenna which 
outputs the analog signal transformed by 
above-mentioned D / A converter. 
These were provided. 



[CLAIM 7] 

A light-transmitting repeater described in Claim 
6, in which IF analog signal output by above- 
mentioned D / A converter is transformed into 
RF analog signal. 

The 2nd frequency-conversion circuit output 
to a second antenna was provided further. 



[CLAIM 8] 

A light-transmitting relay system, in which the 
first optical-transmission repeater mentioned in 
any one of Claim 1-5. The 2nd optical- 
transmission repeater described in Claim 6 or 7. 
The optical fiber which inputs the digital light 
signal output from a first light-transmitting 
repeater into a second light-transmitting 
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[DETAILED DESCRIPTION OF INVENTION] 



[000 1] 



[0001] 



[0 0 0 2] 



UECHNICAL FIELD] 

This invention relates to the relay system for a 
mobile communication. 

Especially, it is related with the light- 
transmitting relay system using the optical i\ber 
as a transmission-line. 
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[PRIOR ART] 

In recent years, mobile-communication industry, 
such as a mobile telephone, and PHS (Personal 
Handy-phone System), MCA (Multi Channel 
Access), etc., is developed in the whole country. 

That service area is enlarged quickly. 

The countermeasure to the area which an 
electric wave reaches difficult and the area 
where communication is difficult such as the 
shade of a building, the inside of a tunnel, and 
an underground center, is needed following this. 
On the other hand, as shown in Fig. 9, the 
electric-wave situation with a base station 100 
installs the repeater for a base station 110 in a 
favorable place. 

The light-transmitting relay system by which 
above-mentioned communication installs the 
repeater for a mobile station 120 in a difficult 
place, connects both between to it by the optical 
fiber 101, and transmits a signal to it is 
proposed. 

According to such a light-transmitting relay 
system, communication with a base station 100 
and the mobile station 102 can be performed 
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via the pair base-station repeater 110, the 
optical fiber 101, and the pair mobile-station 
repeater 120. 



[0003] 

Fig. 10 is a blocl^ diagram of the pair base- 
station repeater and the pair mobile-station 
repeater for down-link in the conventional light- 
transmitting relay system. 

In addition, the pair base-station repeater and 
the pair mobile-station repeater for up circuits 
get down, and, for the similar reason forming a 
block diagram as use, are omitted. 



[0004] 

In this diagram 10. the repeater for a base 
station 110 for down-link provides an antenna 
111, BPF (Band Pass Filter)112. the RF (Radio 
Frequency) amp 113. the mixer 114, the LO 
(Local) oscillator 115. BPF116. the RF amp 117, 
and E / O (Electric/Optical) converter 118, and 
is comprised. 

Moreover, the repeater for a mobile station 
120 for down-link provides O / E 
(Optical/Electric) converter 121. BPF122, the 
mixer 123. the LO oscillator 124, BPF125, the 
RF amp 126, and the antenna 127, and is 
comprised. 



[0005] 

Thus in the comprised light-transmitting relay 
system, the electric wave from a base station 
100 is received by the antenna 111 of the 
repeater for a base station 110. And it becomes 
RF signal. 

After this RF signal receives required band- 
limiting and amplification with BPF112 and the 
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RF amp 113, it is transformed into IF 
(Intermediate Frequency) signal by a mixer 114. 
the LO oscillator 115, and the frequency- 
conversion circuit comprising BPF116. 

Since a frequency is high, it is difficult for this 
to perform directly E / O conversion of the RF 
signal (for example, 400 mHz). 

Consequently, it transforms into IF signal <for 
example, 40 mHz), and after the RF amp 117 
performs required amplification, E / O converter 
118 performs E / O conversion, and it has 
transformed into the analogue light signal. 



[0006] 

This analogue light signal propagates an optical 
fiber 101. and O / E conversion is performed 
with O / E converter 121 of the repeater for a 
mobile station 1 20. 

After receiving required band-limiting by 
BPF122, it was returned to RF signal by the 
mixer 123, the LO oscillator 124, and the 
frequency-conversion circuit comprising 
BPF125. 

After receiving a required power amplification 
with the RF amp 126, it is transmitted to a 
mobile station 102 via an antenna 127. 
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M] 



[PROBLEM ADDRESSED] 

Thus, in the conventional light-transmitting relay 
system, the analogue optical transmission 
which transforms and transmits directly the 
analog signal received with the antenna to an 
analogue light signal was performed. 

The very strict demand is made compared 
with however and the digital optical 
transmission which transmits a binary signal 
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about the required value with respect to C / N 
(carrier pair noise ratio) property, and a dynamic 
range generally. 

For this reason, especially, E / O converter 
118, and O / E converter 121 are large-size, and 
it will become expensiveness very. There was 
an above-mentioned problem. 



[0 0 0 9] 



[0008] 

This invention is made in order to solve such a 
problem. 

It aims at providing the light-transmitting relay 
system and its repeater which are reasonable 
and can perform a light-transmitting relay, 
without causing performance degradation. 



[0009] 



[0010] 
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[SOLUTION OF THE INVENTION] 

In order to attain the above-mentioned 
objective, the light-transmitting relay system of 
this invention consists of the first repeater which 
transforms an analog signal into a digital light 
signal, the 2nd repeater which returns the digital 
light signal by which the above-mentioned 
conversion was performed to an analog signal, 
and the optical fiber which connects these, 
basically. 

[0010] 

This invention is made in order to solve such a 
problem. The first antenna. A / D converter 
which transforms the analog signal received 
with the first antenna into a digital signal. Down 
sampling means which performs down sampling 
of the digital signal transformed by above- 
mentioned A / D converter. Electric-light 
converter which the digital signal by which down 
sampling was performed with above-mentioned 
down sampling means is transformed into a 
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digital liglit signal, and is output to a 
predetermined optical fiber. Tliese are provided 
and it is comprised. 



[0011] 

In this case, the frequency band of the digital 
signal transformed by above-mentioned A / D 
converter is limited. 

It is preferable to provide further frequency 
band-limiting means to output to above- 
mentioned down sampling means, and to 
comprise it. 

As for especially above-mentioned frequency 
band-limiting means, it is preferable that they 
are a low-pass filter or a band-pass filter. 



[0012] 

Moreover, RF analog signal received with the 
first antenna is transformed into IF analog 
signal. 

It is preferable to provide further the first 
frequency-conversion circuit output to above- 
mentioned A / D converter, and to comprise it. 



[0013] 

On the other hand, a second repeater provides 
the following and is comprised. The 
photoelectric mind converter which transforms a 
digital light signal into a digital signal. Up 
sampling means which performs up sampling of 
the digital signal transfomied by the above- 
mentioned photoelectric mind converter. D / A 
converter which transfomis the digital signal by 
which up sampling was performed with above- 
mentioned up sampling means into an analog 
signal. The 2nd antenna which outputs the 
analog signal transformed by above-mentioned 
D / A convertei". 
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[0014] 

In this case, IF analog signal output by above- 
mentioned D / A converter is transformed into 
RF analog signal. 

It is preferable to provide further the 2nd 
frequency-conversion circuit output to a second 
antenna, and to comprise it. 



[0015] 
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[Embodiment] 

Hereafter, the first embodiment of this invention 
is explained in detail with reference to a 
drawing. 

Fig. 1 is a block diagram of the repeater for a 
base station for down-link in the light- 
transmitting relay system in this embodiment, 
and the repeater for a mobile station. 

Here, the pair base-station repeater and the 
pair mobile-station repeater for up circuits get 
down, and, for the similar reason forming a 
block diagram as use, are omitted. 

In addition, the entire component of the relay 
system in this embodiment forms the entire 
component of a PRIOR ART shown in Fig. 9, 
and a similar component: Communicatbn 
between a base station and a mobile station is 
performed via the pair base-station repeater 1 , 
the pair mobile-station repeater 2, and the 
optical fiber 3. 



[0016] 

As shown in Fig. 1, the repeater for a base 
station 1 for down-link provides an antenna 11, 
BPF12, the RF amp 13, A / D (Analog/Digital) 
converter 14, LPF (Low Pass Filter)15 and DS 
(Down Sampler)16, P / S (Parallel/Serial) 
converter 17, and E / O converter 18, and is 
comprised. 

Moreover, the repeater for a mobile station 2 
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for down-link provides O / E converter 21 , S / P 
(Serial/Parallel) converter 22, US (Up 
Sampler)23 and BPF24, D / A converter 25 
(Digital/Analog). BPF26, the RF amp 27, and 
the antenna 28, and is comprised. 

These E / O converter 18 of pair base-station 
repeater 1, and O / E converter 21 of pair 
mobile-station repeater 2 is connected by the 
optical fiber 3. 



[0017] 

Thus in the comprised light-transmitting relay 
system, the electric wave (frequency fRF: for 
example, 400 mHz) transmitted from the base 
station is received by the antenna 11 of the pair 
base-station repeater 1 . 

After receiving required band-limiting and 
amplification with BPF12 and the RF amp 13, it 
transforms into a digital signal by A/D converter 
14 with RF signal. 



[0018] 

It is sufficient for it if the sampling frequency fs 
at this time is more than the double of the 
bandwidth of the signal output from BPF12 if 
only the principle of band-pass sampling is 
considered. 

If here explains the principle of band-pass 
sampling, the signal received with the antenna 
11 will receive a band-limiting by passing 
through BPF12. 

Only the signal component of bandwidth W 
including RF signal (for example, a center 
frequency 400.5 mHz a bandwidth 200kHz) is 
extracted (diagram 2 reference). Furthermore it 
transforms and outputs to a digital signal with a 
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sample signal by A/D converter 14. 

Each spectrum of the Input signal of A/D 
converter 14, a sample signal, and the output 
signal of A/D converter 14 is shown in Figs. 3-5. 

As shown in these diagrams, when A/D 
conversion of the input-signal Y (f) (diagram 3 
reference) of bandwidth W of A/D converter 14 
is performed by sample signal C (f) (refer Figure 
4), in the output signal Yc of A/D converter 14 (f) 
(diagram 5 reference), the image which is 
bandwidth W before and after each frequency 
of the integral multiple of a sampling frequency 
fs occurs. 

If a sampling frequency fs is more than the 
double of bandwidth W of input-signal Y (f) at 
this time, as shown in Fig. 5, the band of each 
image of an output signal Yc (f) will overlap 
mutually, and will turn_up, and a distortion will 
not be produced. Therefore, only the upper 
sideband of a desired image can be separated 
with a latter filter. 

That is, in band-pass sampling, if that 
bandwidth W is limited even when the 
frequency of input-signal Y (f) is high, it is 
possible to perform A/D conversion by setting 
up the sampling frequency fs more than the 
double of bandwidth W. 



[0019] 

Thus, if the sampling frequency fs more than 
the double of bandwidth W of BPF12 Is set up, 
A/D conversion can be performed. However, 
actually, the damping property of BPF12 needs 
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to be considered. 

Moreover, there is an effect which makes the 
quantization error of A/D converter 14 small by 
making a sampling frequency fs high, and 
makes the quantized noise density low (over- 
sampling effect). 

It is effective to make a sampling frequency fs 
from this as high (for example, 20 mHz) as 
possible. 



[0020] 

However, since information content will increase 
if the high sampling frequency fs is adopted, the 
information transmission rate will need be 
enlarged. 

For example, when A/D converter 14 is made 
into 12 bits, the information transmission rate is 
set to 20 mHzM2 bit =240Mbps. 
Therefore, although it is binary transmission, 
while E / O converter 18, and O / £ converter 21 
may become expensiveness, relay possible 
distance reduces. 



[0021] 

In order to avoid this, down sampling is 
performed to this embodiment. 
First, only a required signal component 
(component of 0 - W [Hz] shown in Fig. 5) is 
extracted from the output signal of A/D 
converter 14 by LPF15 (diagram 6 reference). 

In addition, BPF Is used instead of LPF15 and 
it may be made to extract a required signal 
component. 

When using LPF15, the frequency of the 
extracted signal component must be made to 
become below 1/2 of the sampling frequency 
after a down sample. 

However, when using BPF, the bandwidth of 
the extracted signal component should just be 
below 1/2 of the sampling frequency after a 
down sample. 
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There is no limitation in a frequency. 

For tliis reason, arbitrary images can be 
extracted among each image included in the 
output signal of A/D converter 14 shown In Fig. 
5. 



[0022] 

Thus, after extracting a required signal 
component by LPF15 or BPF, down sampling is 
performed by DS16. 

For example, if 1/10 of down sampling is 
performed, a sampling frequency fs will be set 
to 20 mHz / 10= 2 mHz <refer Figure 7). 

At this time, the band which can be 
transmitted is set to 1 mHz by the Nyquist 
theorem (a highest transmission frequency = 
sampling firequency/2). 

However, it is sufficient in order to transmit 
RF signal of a previous input-signal band 
(200l<Hz). 

Furthermore, if an unnecessary signal 
component 1 mHz or more is sufficiently 
attenuated by LPF15 or BPF, this unnecessary 
signal component will not be turned_up by the 
sampling frequency after a down sample. 
Therefore, a distortion does not produce 
immediately, either. 
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[0023] 

When such down sampling is performed, the 
information transmission rate when 
transfonning into a serial signal with P / S 
converter 17 is set to 2 mHz*12 bit =24iy/lbps. 

This serial signal is transformed into a digital 
light signal by E / O converter 18, and is input 
Into an optical fiber 3. 
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[0024] 

The digital light signal transmitted by the optical 
fiber 3 is transformed into an electrical signal 
with O / E converter 21 of the repeater for a 
mobile station 2. It transforms into a parallel 
signal with S / P converter 22. 
After performing up sampling of this parallel 
signal by US23 (it is the up sampling 10 times 
as many as this when 1/10 of down sampling is 
performed), only a required signal component is 
extracted by BPF24. 

It transforms into an analogue RF signal with 
D / A converter 25. 

After the analogue RF signal output from D / 
A converter 25 performs a required band- 
limiting and required amplification with BPF26 
and the RF amp 27, it is transmitted to a mobile 
station with an antenna 28. 



[0025] 

As described above, E / O converter 18, and O / 
E converter 21 perform only a conversion of the 
digital light signal of binary. Therefore, high C/N 
(carrier pair noise ratio) property and the high 
dynamic range in the case of transforming an 
analogue light signal are not required. And, 
because it can suppress low also about the 
transmission rate of a digital light signal, an 
expensive conventional device does not need to 
be used. 



[0026] 

Next, the 2nd embodiment of this invention is 
explained. 

Fig. 8 is a block diagram of the pair base- 
station repeater and the pair mobile-station 
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repeater for down-link in the light-transmitting 
relay system in this embodiment. 

IHowever, especially about the explanation no 
component, it is the same as that of a first 
embodiment. 

Moreover said synibol shows the same 
component. 

Schematically, this embodiment is comprised 
so that A / D conversion, and D / A conversion 
may be performed in IF band. 



[0027] 

Fig. 8 The mixer 41 , the LO oscillator 42, the 
frequency-conversion circuit comprising BPF43, 
and the RF amp 44 are provided to the repeater 
for a base station 4 in this embodiment between 
the RF amp 13 and A/D converter 14 so that it 
may be shown. 

Moreover, LPF51, the mixer 52, and the 
frequency-conversion circuit comprising the LO 
oscillator 53 are provided to the repeater for a 
mobile station 5 between D / A converter 25, 
and BPF26. 



[0028] 

In the repeater for a base station 4, RF signal 
amplified with the RF amp 13 is transformed 
into IF signal by a mixer 41 , the LO oscillator 42, 
and BPF43. 

Since a frequency is high, it is difficult for this 
to perform directly E / O conversion of the RF 
signal. 

For this reason in this embodiment, it 
transforms into IF signal (for example, 40 mHz). 
After receiving required amplification with the 
RF amp 44, A/D conversion, E / O conversion, 
etc. are performed as a first embodiment. 

It is transmitted to the repeater for a nrabile 
station 5 by the optical fiber 3. 
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[0029] 

At the repeater for a mobile station 5. the 
analogue IF signal output from D / A converter 
25 is transformed into an analogue RF signal by 
LPF51 , the mixer 52, and the LO oscillator 53. 

It is transmitted to a mobile station via an 
antenna 28 as a first embodiment. 



[0030] 

Thus in this embodiment, because E / O 
conversion is performed after transforming RF 
signal into IF signal, the conditions to the 
frequency characteristic of A/D converter 14, 
and D / A converter 25 are alleviated. 

The repeater in a higher frequency region can 
be comprised. 



[0031] 

As mentioned above, the one embodiment of 
this invention was explained along a drawing. 

However this invention is not limited to the 
matter shown in the above-mentioned 
embodiment, but it is clear for that modification, 
improvement, etc. to be possible based on 
mention of a claim. 



[0032] 



[EFFECT OF THE INVENTION] 

As mentioned above, without causing 
performance degradation, because the demand 
to C / N property and the dynamic range of an 
electro-optical converter and optical-electric 
converter can be lightened, according to this 
invention, it is inexpensive and a light- 
transmitting relay can be performed. 
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[FIGURE 1] 

It is the block diagram of the pair base-station 
repeater and the pair mobile-station repeater for 
down-link in the light-transmitting relay system 
in the first embodiment of this invention. 



[FIGURE 2] 

It is the diagram showing the spectrum of the 
output signal of BPF 1 2. 

[FIGURE 3] 

It is the diagram showing the spectrum of the 
input signal of A/D converter 14. 
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[FIGURE 4] 

h/v^:^ It is the diagram showing the spectrum of a 
sample signal. 
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[FIGURE 5] 

It is the diagram showing the spectrum of the 
output signal of A/D converter 14. 

[FIGURE 6] 

It is the diagram showing the spectrum of the 
output signal of LPF1 5. 

[FIGURE 7] 

It is the diagram showing the spectrum of the 
output signal of DS1 6. 

[FIGURE 8] 

It is the block diagram of the pair base-station 
repeater and the pair mobile-station repeater for 
down-link in the light-transmitting relay system 
in the 2nd embodiment of this invention. 
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[FIGURE 9] 
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It is the diagram showing the entire component 
of a relay system. 

[FIGURE 10] 

It is the block diagram of the pair base-station 
repeater and the pair mobile-station repeater for 
down-link in the conventional light-transmitting 
relay system. 

[EXPLANATION OF DRAWING] 

I , 4 Pair base-station repeater 
2, 5 Pair mobile-station repeater 
3 Optical fiber 

II, 28 Antenna 
12, 24, 26. 43 BPF 
13.27.44 RFamp 
14 A/D converter 

15.51 LPF 

16 DS 

17 P/S converter 

18 E/O converter 

21 O/E converter 

22 8 / P converter 

23 US 

25 D / A converter 

41.52 Mixer 

42. 53 LO oscillator 
1 00 Base station 
102 Mobile station 
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[FIGURE 2] 
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[FIGURE 3] 
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[FIGURE 4] 
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[FIGURE 6] 
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[FIGURE 7] 
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[FIGURE 8] 



02/02/18 



25/28 



XC) DERWENT 



JP2001-197^-A 



11 



DERWENX 



^ ^ 12 , 3 41 43 44 14 16 16 17 18 



' — [■-''H>-«)-|epF[^iia 



- LPF - 



D8 



LO 



42 



21 22 23 



- U& - BPF 



24 26 61 62 26 27 



LPF BPF [>- 1 



LO 



[HI 9] 



[FIGURE 9] 
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